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Themes

 CERES Perspective on GFDL's CMIP5
Models

« Satellite Simulators as Emerging Tools
for Understanding Cloud and Aerosol
Processes in Climate Models

 Cloud-Aerosol Interactions in Climate
Models and Essential Related
Observational Constraints
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< A CERES View of GFDL’'s CMIP5
Models

« CM3 (Donner et al., 2011, J. Climate): Coupled Ocean-
Atmosphere Model with aerosol-cloud interactions, deep and
shallow cumulus with vertical velocities, atmospheric chemistry,
stratosphere (2°atmospheric horizontal resolution)

« ESMZ2-G and ESM2-M: Earth-System Models with isopycnal and
z-coordinate ocean models, aerosol direct effects only (2°
atmospheric horizontal resolution)

« HIRAM C-180 and C-360: 50-km and 25-km horizontal
resolution atmosphere/land only with cloud fraction dependent
on total water content, single-plume convection, aerosol direct
effects only

« Details on all models at http://www.gfdl.noaa.gov/model-
development
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oo e e ANN SWABS (W / mz) Models: 1981-2000

Loeb et al. (2009), J. Climate

CERES EBAF Ed2.6 (3/00-2/10) GFDL-CM3 minus CERES EBAF Ed2.6

60E 120E 180 120w 60w 60E 120E 180 120W

Obs = 240.276 (obs grid) SDev = 80.2407 lon = (0.,360.) lot = ( 90.,90.) r(Obs, Mod) = 0.988805
Mod — Obs = —4.920 rmse = 12.9856

GFDL-ESM2G minus CERES EBAF Ed2.6 GFDL-ESM2M minus CERES EBAF Ed2.6

60E 120E 180 120w BOW 60E 120E 180 120w 60w

lon = (0.,360.) let = ( 90.,90.) r(Obs, Mod) = 0.986171 lon = (0.,360.) let = ( 90.,90.) r(Obs, Mod) = 0.987696
Mod — Obs = —-2.67 rmse = 13.6676 Mod — Obs = —1.81 rmse = 12.9127
GFDL-HIRAM—-C180 minus CERES EBAF Ed2.6 GFDL—-HIRAM—-C360 minus CERES EBAF Ed2.6

60E 120E 180 120w 60w 60E 120E 180 120w 60w

lon = (0.,360.) lot = ( 90.,90.) r(Obs, Mod) = 0.991183 lon = (0.,360.) lot = ( 90.,90.) r(Obs, Mod) = 0.992429
Mod — Obs = —-4.62 rmse = 11.6017 Mod — Obs = -2.96 rmse = 10.3699



CERES EBAF Terra Edition2.6: 2
hMp://ceres.lorc.ncsa.gov/products.p'hp?produc\-EBAF I ' I MOde|SZ 1981'2000

Loeb et al. (2009), J. Climate

CERES EBAF Ed2.6 (3/00-2/10) GFDL-CM3 minus CERES EBAF Ed2.6

60E 120E 180 120W 60W
Obs = 239.766 (obs grid) SDev = 29.7905

60E 120E 180 1200 60w

lon = (0.,360.) lot = ( 90.,90.) r(Obs, Mod) = 0.950929
Mod — Obs = —4.899 rmse = 10.4456

GFDL-ESM2G minus CERES EBAF Ed2.6 GFDL-ESM2M minus CERES EBAF Ed2.6

60E 120E 180 120W B60W 60E 120E 180 120w 60W
lon = (0.,360.) lat = ( 90.,90.) r(Obs, Mod) = 0.952178 lon = (0.,360.) Iot = ( 90.,90.) r(Obs, Mod) = 0.958217
Mod — Obs = —2.6078 rmse = 9.5732 Mod — Obs = —-1.7 rmse = 8.69088
GFDL-HIRAM—-C180 minus CERES EBAF Ed2.6 GFDL—-HIRAM—-C360 minus CERES EBAF Ed2.6

60E 120E 180 120W 60W 60E 120E 180 120w 60W
lon = (0.,360.) let = (—90.,90.) r(Obs, Mod) = 0.987432 lon = (0.,360.) lot = ( 90.,90.) r(Obs, Mod) = 0.987562
Mod — Obs = —4.73761 rmse = 6.70842 Mod — Obs = —-3.57 rmse = 5.90075



CERES EBAF Terra Edition2.6:
http://ceres.larc.nasa.gov/products.php?product=EBAF

Loeb et al. (2009), J. Climate

CERES EBAF Ed2.6 (3/00-2/10)

60E 120E 180
Obs = 0.510545 (obs grid)

120w 60W

SDev = 56.2595

GFDL-ESM2G minus CERES EBAF Ed2.6

60E 120E 180 120w

lon = (0.,360.) let = (—90.,90.) r(Obs, Mod) = 0.980093
Mod — Obs = —-0.0621802 rmse = 11.2776

GFDL-HIRAM—C180 minus CERES EBAF Ed2.6

60E 120E 180 120W 60W
lon = (0.,360.) let = (—90.,90.) r(Obs, Mod) = 0.985302
Mod — Obs = 0.109929 rmse = 9.6113

120

NETRADTOA (W/m’) Models: 1981-2000

GFDL-CM3 minus CERES EBAF Ed2.6

120 180

lon = (0.,360.) lat = (—90.,90.) (Obs, Mod) = 0.987447
Mod — Obs = —0.020961 rmse = 8.89978

GFDL-ESM2M minus CERES EBAF Ed2.6

180

lon = (0.,360.) let = (—90.,90.) r(Obs, Mod) = 0.981087
Mod — Obs = -0.0333997 rmse = 11.0491

GFDL—-HIRAM—-C360 minus CERES EBAF Ed2.6

60E 120E 180 120w 60w

lon = (0.,360.) lot = (-90.,90.) r(Obs, Mod) = 0.987698
Mod — Obs = 0.611118

rmse = 8.95261



iz ANN SWCF (W/mM?2)  woces: 19812000

Loeb et ol. (2009), J. Climate

CERES EBAF Ed2.6 (3/00-2/10)

GFDL-CM3 minus CERES EBAF Ed2.6

60E 120E 180 120W 60W
Obs = —47.3793 (obs grid) SDev = 20.7025 lon

Mod — Obs = —2.88 rmse

GFDL-ESM2G minus CERES EBAF Ed2.6

60E 120 180 1200
= (0..360.) lot = ( 90.,90.) r(Obs, Mod)

g

0.88235
10.5963

GFDL-ESM2M minus CERES EBAF Ed2.6

60E 120E 180 120w 60w

60E 120E 180 120W B60W
lon = (0.,360.) let = ( 90.,90.) r(Obs, Mod) = 0.847037 lon = (0.,360.) let = ( 90.,90.) r(Obs, Mod) = 0.851537
Mod — Obs = —2.0672 rmse = 11.3681 Mod — Obs = —1.81 rmse = 10.9517

GFDL-HIRAM—C180 minus CERES EBAF Ed2.6

GFDL—-HIRAM—-C360 minus CERES EBAF Ed2.6

60E 120E 180 120w BOW

lon = (0.,360.) let = (—90.,90.) r(Obs, Mod) = 0.908274 lon

60E 120E 180 120w 60w
= (0.,360.) lot = ( 90.,90.) r(Obs, Mod) = 0.914292

Mod — Obs = —3.88382 rmse = 9.94753 Mod — Obs = —-2.67 rmse = 9.05818



iz o ANNCLWCF (W/M2)  vodeis: 1981-2000

Loeb et al. (2009), J. Climate

CERES EBAF Ed2.6 (3/00-2/10) GFDL-CM3 minus CERES EBAF Ed2.6
80
72
64
56
48
40
32
24
16
8
0 —
60E 120€ 180 1200 60W 120E 180 120 60W
Obs = 26,4813 (obs grid) SDev = 11.4735 lon = (0.,360.) lat = (—90.,90.) (Obs, Mod) = 0.831736
Mod — Obs = —0.282195 rmse = 7.69067
GFDL-ESM2G minus CERES EBAF Ed2.6 GFDL—-ESM2M minus CERES EBAF Ed2.6

60E 120E 180 120W 60E 120E 180 120W
lon = (0.,360.) let = ( 90.,90.) r(Obs, Mod) = 0.823503 lon = (0.,360.) let = ( 90.,90.) r(Obs, Mod) = 0.836131
Mod — Obs = -2.659 rmse = 7.34569 Mod — Obs = -2.61 rmse = 6.78657
GFDL-HIRAM—-C180 minus CERES EBAF Ed2.6 GFDL-HIRAM—C360 minus CERES EBAF Ed2.6
34
25
18
12
7
3
-3
-7
-12
-18
=25
4 -34 i -
60E 120E 180 120W 60W 120E 180 120W

lon = (0.,360.) let = (—90.,90.) r(Obs, Mod) = 0.931357 lon = (0.,360.) lot = ( —-90.,90.) r(Obs, Mod) = 0.931532
Mod — Obs = —0.797451 rmse = 4.27415 Mod — Obs = —1.982 rmse = 4.63005




iz o ANNO NETCFE (W,/mM?2)  wodes: sst-2000

Loeb et al. (2009), J. Climate

CERES EBAF Ed2.6 (3/00-2/10) GFDL-CM3 minus CERES EBAF Ed2.6
0
-15
=30
—-45
-60
=75
-90
-105
=120
60E 120€ 180 120w 60W 120€ 180 1200 60W
Obs = -20.8981 (obs grid) SDev = 15.2496 lon = (0.,360.) lot = ( 90.,90.) r(Obs, Mod) = 0.859101
Mod — Obs = —3.17 rmse = 8.54628
GFDL—-ESM2G minus CERES EBAF Ed2.6 GFDL-ESM2M minus CERES EBAF Ed2.6

60E 120E 180 120w 60w 60E 120E 180 120w 60w

lon = (0.,360.) lat = ( 90.,90.) r(Obs, Mod) = 0.764669 lon = (0.,360.) lat = ( —-90.,90.) r(Obs, Mod) = 0.764958
Mod — Obs = —4.7269 rmse = 11.2213 Mod — Obs = —4.42 rmse = 10.9956

= — -60 ' —
60E 120E 180 120W 60w 60E 120E 180 120w BOW

lon = (0.,360.) lot = ( 90.,90.) r(Obs, Mod) = 0.841267 lon = (0.,360.) lot = ( 90.,90.) r(Obs, Mod) = 0.857908
Mod — Obs = —4.68 rmse = 9.,92931 Mod — Obs = —4.655 rmse = 9.29707

4‘ [ v» \ { ‘ 1
GFDL-HIRAM—C180 minus CERES EBAF Ed2.6 GFDL—-HIRAM—-C360 minus CERES EBAF Ed2.6



Comments

* Net radiation and CF compare best with
CERES in CM3. Despite coupling and 2°
resolution, CM3 better than 25-km uncoupled
model with simpler physical
parameterizations.

* But, longwave and shortwave components
compare best for high-resolution uncoupled
models. CM3 better than ESMs for

shortwave; ESMs better for longwave.
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Experiments with Higher-
Resolution AM3 and New
Parameterization for Boundary
Layers, Shallow Cumulus, Cirrus,
Stratiform, and Stratocumulus
Clouds

Notes: Experiments with new parameterization
In early stages. Higher-resolution AM3 retains
aaaaaaaaaaaa 2° parameter settings.
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Using multi-variate PDFs with
dynamics (MVD PDFs) in
GFDL AM3: Simulation of

Marine Sc

§
O
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AM3 Single
Column
Model using
Multi-Variate
Probability
Density
Function with
Dynamics,
Aerosol
Activation,
and Double-
Moment
Microphysics

BOMEX (cumulus)

= 30 i MVD PDFs (m,=1.0 g m?) (@ |
€ o0 |- == """ MVD PDFs (m,=5.0hg m°) |
) | % _]
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"CLUBB”

from Guo et al.
(2010, Geosci.
Model Dev.)



iz o ANN SWABS (W/M?2)  wosels: 19812000 (except AM3 GLUBS 0.5 cgr)

Model — CERES EBAF Ed 2.6
AM3 Base 2 dgr AM3 CLUBB 2 dgr

Loeb et al. (2009), J. Climate

, . - = . — - , — . -60
60E 120E 180 120w 60W 60E 120E 180 120W 60W

lon = (0.,360.) lot = ( -90.,90.) r(Obs, Mod) = 0.991269 lon = (0.,360.) lot = ( -90.,90.) r(Obs, Mod) = 0.9906

Mod -~ Obs = -3.848 rmse = 11.2469 Mod — Obs = —4.417 rmse = 11.8388

AM3 Base 1 dgr AM3 CLUBB 1 dgr

60E 120E 180 1200 60W

60E 120E 180 120W 60W

lon = (0.,360.) lot = ( 90.,90.) r(Obs, Mod) = 0.992446 lon = (0.,360.) lot = (-90 ,80.) r(Obs, Mod) = 0.991326
Mod = Obs = =3.317 rmse = 10.3854 Mod -~ Obs = -3.9910 rmse = 11.3769
AM3 Base 0.5 dgr o AM3 CLUBB 0.5 dgr (1981 1985) o
v 45 & 45
32 32
21 21
e by
s s
i -12 0 -12
=21 =21
-32 -32
-45 -45
— - — . . -60 , . = : . -60
60E 120E 180 120W 60W 60E 120E 180 120W 60W
lon = (0.,360.) lot = (-90 ,90.) r(Obs, Mod) = 0.993168 lon = (0.,360.) lot = (—90 ,90.) r(Obs, Mod) = 0.991207

Mod -~ Obs = -0.203 rmse = 9.38827 Mod -~ Obs = -3.905 rmse = 11.3292



R AF Terra Edition2.6: 2
R oA ANN OLR (W / m ) Models: 1981-2000 (except AM3 CLUBB 0.5 dgr)
Model — CERES EBAF Ed 2.6

AM3 Base 2 dgr o AM3 CLUBB 2 dgr o
45 < S 45
32 32
21 21
[, )
s s
‘_I -12 T -12
=21 =21
-32 -32
-45 -45
. . . . -60 -60
60E 120E 180 120w 60W 120E 180 120w 60W
lon = (0.,360.) lot = ( -90.,90.) r(Obs, Mod) = 0.969447 lon = (0.,360.) lot = ( -90.,90.) r(Obs, Mod) = 0.969506
Mod = Obs = =4,220 rmse = 8.55712 Mod - Obs = =5.849 rmse = 9.3523
AM3 Base 1 dgr AM3 CLUBB 1 dgr

60E 120E 180 1200 60W 8 120€ 180 1200 60W
lon = (0.,360.) lot = ( 90.,90.) r(Obs, Mod) = 0.977374 lon = (0.,360.) lot = (-90 ,80.) r(Obs, Mod) = 0.974094
Mod = Obs = =3.2577 rmse = 7.09828 Mod — Obs = =3.6793 rmse = 7.67638
AM3 Base 0.5 dgr o AM3 CLUBB 0.5 dgr (1981-1985) o
45 o 45
32
21
e
s
|12
=21
-32
-45
, , , . . , . ; . . -60
60E 120E 180 120W 60W 60E 120E 180 120W 60W
lon = (0.,360.) lot = (-90 ,90.) r(Obs, Mod) = 0.977719 lon = (0.,360.) lot = (—90 ,90.) r(Obs, Mod) = 0.961354

Mod -~ Obs = -1.279 rmse = 6.38328 Mod -~ Obs = -4.377 rmse = 9.30443



iz o ANN NETRADTOA (W /M2).oes: 1981-2000 (exospt ants cLuBs 0.5 dgn
Model — CERES EBAF Ed 2.6

AM3 Base 2 dgr o AM3 CLUBB 2 dgr .
' 45
32
21
N
s
|12
=21
-32
-45
: i : : . : . : : -60
60E 120E 180 120W 60w 60E 120E 180 120W 60w
lon = (0.,360.) Io( = ( -90.,90.) r(Obs, Mod) = 0.989267 lon = (0. 360) lol = ( -90.,90.) r(Obs, Mod) = 0.986684
Mod —= Obs = 0.3 rmse = 8.58144 Mod -~ Obs = rmse = 9.308
AM3 Base 1 dgr o AM3 CLUBB 1 dgr
‘ 45
32
21
e
s
| 12
=21
-32
-45
. B> : -60 . — . .
60E 120E 180 120W 60W 60E 120E 180 120W 60W
lon = (0.,360.) lot = (-90.,90.) r(Obs, Mod) = 0.98836 lon = (0.,360.) lot = (-90 ,80.) r(Obs, Mod) = 0.984704
Mod — Obs = -0.0602168 rmse = 9.00659 Mod = Obs = -0.311 rmse = 10.0383
AM3 Base 0.5 dgr . AM3 CLUBB 0.5 dgr (1981 1985)
45
32
121
12
5

60E 120E 180 120W 60W 60E 120E 180 120W 60W
lon = (0. 360) Iot = (-90 ,90.) r(Obs, Mod) = 0.988938 lon = (0.,360.) lot = (—90 ,90.) r(Obs, Mod) = 0.982691
Mod — Obs = rmse = 8.67915 Mod - Obs = 0.4 rmse = 10.5469




ik oswenlonenseso peedstaghepred st ANN SWCF (W / m 2) Models: 1981-2000 (except AM3 CLUBB 0.5 dgr)

Loeb et al. (2009), J. Climate

Model — CERES EBAF Ed 2.6

AM3 Base 2 dgr o AM3 CLUBB 2 dgr o
\ / 45 45
32 32
21 21
1, 1,
s s
_| -12 T -12
=21 =21
-32 -32
-45 -45
. , . -60 . . . -60
60E 120E 180 120W 60w 60E 120E 180 120W 60w
lon = (0.,360.) lot = ( -90.,90.) r(Obs, Mod) = 0.911431 lon = (0.,360.) lot = ( -90.,90.) r(Obs, Mod) = 0.876789
Mod -~ Obs = -2.1575 rmse = 9.44204 Mod -~ Obs = -2.443 rmse = 10.6698
AM3 Base 1 dgr AM3 CLUBB 1 dgr o
- - =5 = 45
g2 2y 32
P 21
L. 12
X § 5
T, , : -5
~ -12
5 Y 7 =21
* . -32
wﬁw‘* _45
- - - - -60
60E 120E 180 120W 60W 60E 120E 180 120W 60W
lon = (0.,360.) lot = ( 90.,90.) r(Obs, Mod) = 0.92067 lon = (0.,360.) lot = (-90 ,80.) r(Obs, Mod) = 0.892652
Mod - Obs = -1.818 rmse = B8.77033 Mod = Obs = -=2.317 rmse = 10.3931
AM3 Base 0.5 dgr o AM3 CLUBB 0.5 dgr (1981 1985) o
45 45
32 32
21 21
e by
s s
<| -12 T -12
=21 =21
-32 -32
-45 -45
. . -60 : . -60
60E 120E 180 120W 60W 60EF 120E 180 120W 60W
Ion = (0.,360.) lot = (-90.,90.) r(Obs, Mod) = 0.913838 Ion = (0.,360.) Iot = (—90 ,90.) r(Obs, Mod) = 0.88458

Mod — Obs = 1.0983 rmse = 8.59485 Mod = Obs = -2.4 rmse = 10.5399



Wi/ e e radots e Tproduct-EBAF ANN LWCF (W / mz) Models: 1981-2000 (except AM3 CLUBB 0.5 dgr)

Model — CERES EBAF Ed 2.6
AM3 Base 2 dgr AM3 CLUBB 2 dgr

Loeb et al. (2009), J. Climate

120E 180 1200 0 120E 180 1200 50W
lon = (0.,360.) lot = ( 90 ,90.) r(Obs, Mod) = 0.902603 lon = (0.,360.) lot = ( -90.,90.) r(Obs, Mod) = 0.816164
Mod — Obs = -0.226 rmse = 6.65006 Mod - Obs = =2.253 rmse = 7.04134

AM3 Base 1 dgr AM3 CLUBB 1 dgr

60E 120E 180 1200 60W

60E 120E 180 120W

lon = (0.,360.) lot = ( 90.,90.) r(Obs, Mod) = 0.915214 lon = (0.,360.) lot = (-90 ,80.) r(Obs, Mod) = 0.825631
Mod — Obs = -0.933998 rmse = 5.82959 Mod -~ Obs = -3.5583 rmse = 7.40245

AM3 Base 0.5 dgr AM3 CLUBB 0.5 dgr (1981-1985)

60E 120E 180 120W 60E 120E 180 120W 60W
lon = (0.,360.) lat = (—90 ,90.) r(Obs, Mod) = 0.903051 lon = (0.,360.) lot = (—90 ,80.) r(Obs, Mod) = 0.772869
Mod - Obs = =2.528 rmse = 6.15304 Mod - Obs = =2.967. rmse = 7.93517



CERES EBAF Terra Edition2.6:

http://ceres.larc.nasa.gov/products.php?product=EBAF
Loeb et al. (2009), J. Climate

AM3 Base 2 dgr

60E 120E 180 1200 50W
lon = (0.,360.) lot = (-90.,90.) r(Obs, Mod) = 0.862675
Mod — Obs = -2.38415 rmse = 8.56554

AM3 Base 1 dgr

60E 120E 180 120W 60W

lon = (0.,360.) lot = ( 90.,90.) r(Obs, Mod) = 0.86369
Mod = Obs = -2.7521 rmse = 8.95038

AM3 Base 0.5 dgr

60E 120E 180 120W 60W
lon = (0.,360.) lot = (—90 ,90.) r(Obs, Mod) = 0.867015
Mod - Obs = —1.430! rmse = 8.13226

ANN NETCF (W/m?)
Model —

CERES EBAF Ed 2.6

AM3 CLUBB 2 dgr

80E 120E 180 1200 50W
lon = (0.,360.) lot = ( -90.,90.) r(Obs, Mod) = 0.864235
Mod — Obs = =4.697 rmse = 9.75618

AM3 CLUBB 1 dgr

60E 120E 180 1200 60W

lon = (0.,360.) lot = (-90 ,90.) r(Obs, Mod) = 0.869236
Mod - Obs = -5.8762 rmse = 10.8688

AM3 CLUBB 0.5 dgr (1981-1985)

60E 120E 180 120W 60W
lon = (0.,360.) lot = (—90 ,90.) r(Obs, Mod) = 0.860924
Mod - Obs = —5.394 rmse = 10.5957

Models: 1981-2000 (except AM3 CLUBB 0.5 dgr)



Comments

 AM3 50-km resolution matches CERES better
than 50-km HIRAM for all fields except
LWCF.

« SWABS, SWCF, NETRADTOA, and NETCF
from 50-km AM3 match CERES better than
25-km HIRAM.

 AM3-CLUBB improves on AM3 for marine Sc
at 50- and 25-km, but overall RMSEs not as
good as AMS.

O




A-Train
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NASA JPL A-Train:
A-Train obs data source: Jui-Lin (Frank) Li <juilin.f.li@jpl.nasa.gov>

Ref: Li, J.—L. F., et al. (2012), JGR

NASA JPL A-Train CloudSat 2C—ICE Total
(1/07-12/08)

60E 120€ 180 1200 60W
Obs = 118.684 8x4 deg lon,lat grid SDev = 79.3248

GFDL-ESM2G minus
NASA JPL A-Train

60E 120E 180 120w 50w
lon = (0.,360.) lat = (—90.,90.) (Obs, Mod) = 0.489284
Mod — Obs = —83.3339 rmse = 109.035

GFDL—HIRAM—C180 minus
NASA JPL A-Train

60E 120E 180 120W 60w
lon = (0.,360.) lat = (—90.,90.) r(Obs, Mod) = 0.829205
Mod — Obs = —50.6639 rmse = 71.905

IWP (g/m?)

Models: 1981-2000

GFDL-CM3 minus
NASA JPL A-Train

60E 120E 180 1200 60W
lon = (0.,360.) lot = (—90.,90.) (Obs, Mod) = 0.656853
Mod — Obs = —49.0259 rmse = 77.7902

GFDL—ESM2M minus
NASA JPL A-Train

200
150
100

60E 120E 180 120w 60w

lon = (0.,360.) let = (—90.,90.) r(Obs, Mod) = 0.461572
Mod — Obs = —83.031 rmse = 109.44

GFDL-HIRAM—C360 minus
NASA JPL A-Train

200
150
100

60E 120E 180 120w 60w

lon = (0.,360.) lat = (-90.,90.) r(Obs, Mod) = 0.816193
Mod — Obs = —41.2411 rmse = 63.5033



NASA JPL A-Train:

A=Train obs data source: Jonathan H. Jieang <Jonathan.H.Jiang®@jpl.nasa.gov>
Ref: Jiang, J. H., et al. (2012), JGR

NASA JPL A-Train Agua MODIS
(10/02-9/08)

0 60E 120€ 180
Obs = 49,5589 (obs grid)

GFDL-ESM2G minus
NASA JPL A-Train

120 180

lon = (0.,360.) let = (—90.,90.)
Mod — Obs = —14.3804

GFDL—HIRAM—C180 minus
NASA JPL A—Train

r(Obs, Mod)

lon = (0.,360.) let = (—90.,90.)
52 rmse

Mod — Obs = 18.01

120W 60w
SDev = 29.7803

120E 180 60w

ANN

240
190
150
120
95
70

&g

20
10

r(Obs, Mod) = 0.624284
rmse = 28.4602

0.64635
39.1806

IWP (g/m?)

GFDL-CM3 minus
NASA JPL A-Train

180 120W

lon = (0.,360.) lot = (—90.,90.)
Mod — Obs = 19.6205

GFDL-ESM2M minus
NASA JPL A-Train

60E 120E 180 120w

lon = (0.,360.) let = (-90.,90.)
Mod — Obs = —14.0643

GFDL-HIRAM—-C360 minus

NASA JPL A-Train

120E 180 120w

lon = (0.,360.) lot = (—90.,90.)
Mod — Obs = 27.3696

Models: 1981-2000

60W

r(Obs, Mod) = 0.333631

r(Obs, Mod) = 0.611796
rmse = 28.3538

r(Obs, Mod) = 0.589162
rmse = 52.8778



S ~Train obs doto source: Jui-Lin (Frank) Li <juilin.f.li@®jpl.nosc.gov> 1 -1
v ek s ANN [iwe] (mg kg™") Models: 1981-2000

Ref: Li, J.—-L. F., et ol. (2012), JGR

mox=62.66 NASA JPL A-Troin CloudSat 2C—ICE Toto ovg=11.24 min=-36.69 GFDL-CM3 minus rms=10.48
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NASA JPL A—Train: A N N W P 2
A-Train obs data source: Jonathan H. Jiang <Jonathan.H.Jiang®@jpl.nasa.gov> g l I l Models: 1981-2000

Ref: Jiang, J. H., et al. (2012), JGR

NASA JPL A-Train CloudSat NoPcp GFDL-CM3 minus
(8/06-7/10) NASA JPL A-Train
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Mod — Obs = 16.456 rmse = 25.7704 Mod — Obs = 17.0075 rmse = 25.0533




NASA JPL A-Train: A N N W P 2
A-Train obs data source: Jonathan H. Jiang <Jonathan.H.Jiang@jpl.nasa.gov> g I I l MOde|SZ 1981'2000

Ref: Jiang, J. H., et al. (2012), JGR

NASA JPL A—Train Aqua MODIS GFDL-CM3 minus
(10/02-9,/08) NASA JPL A-Train
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7

Mod — Obs = 21.4892 rmse = 34.2771 Mod — Obs = 21.564 rmse = 33.5807
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NASA JPL A—Train:

A=Troin obs data source: Jonathan H. Jieng <Jonathan,H.Jiang®@jpl.nasa.gov>
Ref: Jiang, J. H., et al. (2012), JGR

NASA JPL A-Train Aqua AIRS + Aura MLS
(AIRS: 10/02-9/10 MLS: 9/04-8/11)

ANN PRW (kg/m?)

0 60E 120€ 180 120W 60W
Obs = 22,9223 (obs grid) SDev = 14.3161

GFDL-ESM2G minus
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lon = (0.,360.) let = (-90.,90.)
Mod — Obs = 0.414247

r(Obs, Mod) = 0.949801
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GFDL—HIRAM—C180 minus
NASA JPL A-Train

0 60E 120E 180 120w 60W

lon = (0.,360.) let = (—90.,90.) r(Obs, Mod) = 0.950757
Mod — Obs = 2.31651 rmse = 5.0111

Models: 1981-2000

GFDL-CM3 minus
NASA JPL A-Train

0 60E 120E 180 120w 60W
lon = (0.,360.) lot = (—90.,90.) r(Obs, Mod) = 0.946457

Mod — Obs = 1.00011 rmse = 4,79979
GFDL—ESM2M minus
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0 60E 120E 180 120w 60w
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Mod — Obs = 1.01224

r(Obs, Mod) = 0.950072
rmse = 4,74527

GFDL-HIRAM—C360 minus
NASA JPL A-Train
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Mod — Obs = 2.33248 rmse = 5.01167




NASA JPL A—Train: A P R k 2
A-Train obs data source: Jonathan H. Jiang <Jonathan.H.Jiang®jpl.nasa.gov> g l I I Models: 1981-2000

Ref: Jiang, J. H., et al. (2012), JGR

NASA JPL A—Train Aqua AMSR-E GFDL-CM3 minus
(10/02-9/10) NASA JPL A-Train
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Mod — Obs = —1.45264 rmse = 2.79092 Mod — Obs = —1.44732 rmse = 2.75085
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CFMIP2 and Satellite
Simulators
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Cloud Fraction Jan 2007
{a) AM3 CALIPSO Simulator
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from Donner et al. (2011, J. Climate)



Simulator Mean Cloud Fraction for Optical Depths > 23
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CMIP3 and CMIP5 Models

- ] . Bl crMIP2
_ CJcrMiIrt
—Jloss
cd C4 m4 m3 M5 n3 N4 N5 h3 h4 hl H2 g2 G3 p5 P6 I M

Model

c4,C4: Canadian Centre for Climate Modeling and Analysis
M4,m3,M5: MIROC, U. Tokyo
n3,N4,N5: NCAR CCSM/CESM
h3, h4, h1, H2: Hadley Centre
g92,G3: GFDL CM2.1,CM3
p5,P6: MPI-ESM-LR
I: ISCCP, M: MODIS
(from Klein et al., 2012, JGR, in revision)



Scalar Measures of Model Skill vs. ISCCP (from Klein et al., 2012, JGR, inrev.)

Total Cloud Amount Cloud Properties
2 h4 'y
gp4 n3 h3 CFMIP1 h1 h4 g2 / cd

/ /

Nl g CFMIP2 H2 oo % N4
G G3 C4
C4 ' ‘

0 05 1 1.5 2 0 0.5 1 15 2
Better Z1 Worse Better Z2 Worse
SW-Relevant Cloud Properties LW-Relevant Cloud Properties

h4
h1 h4 g2 h3n3 CFMIP1 h1 g2 h3n3
H2 VN5 N4 CFMIP2 H2 15 G3 g
G3 C4 N5 C4
0 0:5 1 115 2 0 D.‘S 1 115 2
Better 73SW Worse Better Z3LW Worse

Q: CNRM (France); R:MRI(Japan)



@ Cloud-Aerosol Interactions: Critical Needs for Space-

Based Observational Contraints

noaaresearch

Physically based treatments of aerosol-cloud interactions
included in GFDL CM3 and NCAR CAM5.

20" century warming reduced in CM3 and CAMS5, relative to
earlier models without aerosol-cloud interactions.

Interactions among aerosols, precipitation, and cloud dynamics
limit cooling by aerosol-cloud interactions and could improve
realism of climate models including aerosol-cloud interactions.

Global observations of cloud microphysical properties and their
relationship to aerosols are essential for constraining global
models.
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CM3 Surface Air Temperature Change

CM3 (All Forcings)
OBS (HadCRU)
Greenhouse Gases
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Aerosols
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Temperature Change (°C)
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Strong cooling from aerosols (and volcanoes) in late 20t century
analysis by Larry Horowitz, GFDL 34



CESM(CAMS5.1) 20t Century

20th Century Surface Temperature

Global Temperature Anomalies
from 1850-1899 average

1860 1890 1920 1950 1980 2010

from Rich Neale, NCAR
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from Donner et al. (2011, J. Climate)

Aerosol Optical Depth
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Surface Clear-Sky Downward Shortwave Radiation
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from Donner et al. (2011, J. Climate)

More
realistic
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distribution

in CM3
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fluxes.



Cloud - Drop Radius (um)
AM3 (January)

60EF 60W
Mod.=11.7083 std. dev.=2.14781
(€) MODIS (January)
90N 255
60N 23
20.5
30N 18
‘ 15.5
EQ 13
10.5
8
5.5
3
90S 05
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r(Obs., Mod.)=0.428425

from Donner et al. (2011, J. Climate)

AM3 (July)
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MODIS Liquid Effective Size AM2 AMIP Liquid Effective Size
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from Ben Hillman, U. Washington



Monthly Mean Cloud Effective Radius: 2.1 vs. 3.7 um
(Terra MODIS April 2005, C6 Test3, L3 unweighted means, liquid water clouds)

r.(1.6um) r.(2.1um)




In CM3, aerosols are more
realistic, but 20" century
temperature simulation is less
so. Cloud radiative and
dynamical responses to
aerosols may be responsible.
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Linear Regressions between Logarithms of Droplet
Number (N, ) /Liquid Water Path (LWP) and Aerosol

Optical Depth (1,)

_E_ GFDL

land 0.083
ocean 0.256
LWP-1, land 0.074
ocean 0.134

Globally averaged drop number/aerosol relationships are within a

0.078
0.251
0.100
0.093

0.180
0.408
3.064
3.615

0.375
0.155
1.557
1.422

from Quaas et al. (2009, Atmos. Chem. Phys.)

factor of two of satellite estimates, but liquid water path/aerosol

relationships are 15 to 30 times stronger than satellite estimates.
Wang et al. (2012, Geophys. Res. Lett.) have also found most model

overestimate LWP response to aerosol perturbation.



Schematic View of Aerosol-Cloud
Interactions in Boundary-Layer Clouds
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1st indirect effect/ Dry-Air Entrainment
| Twomey effect AN Increased Evaporation

from Haywood et al. (2009, Clouds in the Perturbed Climate System)



GFDL CM3 cloud macrophysics does not treat cloud-
top instability and dry-air entrainment realistically.
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Anthropogenic
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introduced
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Cloud (constant LWC) Suppresion Cooling Lifetime
(Twomey, 1974) Increased LWC Increased Cloud-Top
Albedo effect/ Instability and
1st indirect effect/ Dry-Air Entrainment
| Twomey effect |\ Increased Evaporation

from Haywood et al. (2009, Clouds in the Perturbed Climate System)



Accretion and Autoconversion Enhancement by
Sub-Cloud Co-Variability in Cloud Liquid and Rain
(analysis by Matt Lebsock, JPL)

Sub-grid Accretion Enhancement

Microphysical
properties
impact aerosol-
cloud
interactions
strongly, e.g.,
Golaz et al.
(2011, J.
Climate) on
effect of
autoconversion
threshold.




Physics of
entrainment-
aerosol
Interaction
similar in CLUBB
and LES

Solid:
MVD
PDFs

Dashed:
LES from
Ackerman

et al.
(2004,
Nature)

Liquid water path (LWP, g m™)
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LES range
from Guo et
al. (2010,
GMD)

cf., Guo et al. (2011,
GRL)



ANN PRECIP (mm/d)
Uncertainty in

precipitation

observations
Impacts model
development.

GPCP.v2 sat + gauge ('81-'00)

'5 Kato et al. (2011,
" J. Geophys. Res.)
‘ indicate GPCP

f precipitation may
; be biased 15% to
N 20% low.

Obs = 2.60623

am2p12b ('83-'98) minus GPCP.v2
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GPCP.v2:

http://www.cdc.noaa.gov/cdc/data.gpecp.htmi
Adler, et al, Journal of Hydrometeorology, December 2003, p 1147—-1167



Tropical-Wave Spectrum
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Mean Precipitation Bias
about 4% greater than for
CAPE Relaxation
(Benedict et al., 2012, J.
Climate, in press)
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from Donner et al. (2011, J. Climate)



frequency of occurrence (%)
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reconstruction of Figure 26 in Donner et al. (2011, J. Climate)

with linear x-axis and SSM/I+TMI observations



Summary

« CERES, A-Train valuable evaluation tools for model
development. Both physical parameterization and
model resolution improve simulations.

« Satellite simulators in models provide new
perspectives. Encouraging improvement in model
cloud properties between CMIP3 and CMIP5.

* Modeling aerosol-cloud interactions in climate
models: Significant first efforts but major challenges
representing all relevant processes. Global, space-
based process-related metrics will be crucial to
moving forward.
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